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Introduction

 
The events of 2001 are often cited as a pivot point of a new definition of preparedness. In actuality, there were multiple factors forcing the health care industry to look at surge capacity prior to 2001. Beginning over two decades earlier crises in Emergency Department overcrowding provided insight into the necessity for flexing hospital beds, providing rapid discharge of inpatients, delaying scheduled surgeries, diverting ambulances based on triage criteria and altering practice paradigms to allow “auxiliary” nursing staff to provide the necessary emergency care. Numerous forces in health economics have resulted in the overall reduction of acute care inpatient beds eventually resulting in a vastly expanded network of industry related to home care and intermediate care facilities. Since 2001, events such as SARS and smallpox preparedness have illustrated the need for surge capacity and the ability of facilities not only to flex upward the number of beds but to supply specialized or specified treatment (i.e. high level respiratory isolation). The majority of surge planning throughout has focused on trauma care for multi-casualty incidents, terrorist and industrial chemical incidents and public health emergencies such as bioterrorism and natural epidemics. There are discrete differences in type of capacity for each type of incident but there are overarching principles that can benefit surge capacity planning for all-hazard disaster planning.

Surge capacity has been defined as encompassing “potential patient beds; available space in which patients may be triaged, managed, vaccinated, decontaminated, or simply located; available personnel of all types; necessary medications, supplies and equipment; and even the legal capacity to deliver health care under situations which exceed authorized capacity.”
 Integral to this definition are the multiple elements, not solely facilities or beds. Hick, et al
 go on to define surge capability as the “ability of the health care system to mange patients who require specialized evaluation or interventions.”  This distinction is important as it focuses on the more specialized resources and non-fixed bed capabilities. Historical events and theoretical models provide estimates of the number of acutely ill people requiring care. However the definition of an “acutely ill or injured” patient is case dependent and does not reflect the level of care the victim may require. Trauma related projections range from 100-300 patients/ million population from Mass Casualty Incidents to 300-600 patients/million population from the National Disaster Medical System (NDMS) plans. There are limited projections for bioterrorism or large-scale communicable disease models. These include the NBC-CREST (DOD) model estimates of 500 patients/million and pandemic influenza planning estimates of 15-35% of the population. The pandemic influenza model assumes a gross attack rate of 30%, and would result in five times as many influenza-related hospitalizations and deaths as in a regular influenza epidemic with the current levels of vaccination in the population, mostly in persons >65 years of age
.    Based on data from the influenza pandemic of 1918-20, projections can be made with respect to the current population of Germany (approximately 82 million).   An estimated 20 to 25 million cases of influenza will occur with 200 000 admissions to hospital , resulting in a total of 1.6 million days  of hospitalization, 120,000 deaths from influenza, and an annual excess mortality of 175,000. This is a ratio of 2500 hospital patients /million population. Approximately 1.2 million cases of pneumonia as a secondary infection should also be expected

Given the wide spread of estimations dependant on the causative agent, for planning purposes, many accept a number for calculating surge capacity at 500 adult and pediatric victims/ million population above the daily capacity. A regional capacity requirement example is as follows, where Region A is an intrastate region in which City A is located 
:

	
	Population
	Surge beds/Patients
	Current Daily Capacity 
	% Increase

	State A
	5,595,211
	2,798
	10,006 (48 facilities)
	 28 %

	 Region A
	2,571,695
	1286
	6129 (22 facilities)
	 21%

	City A
	628,670
	314
	3,827 (12 facilities)
	8%


.

Most projection prototypes assume the current health care delivery model, which may or may not be attainable or sustainable at high levels of patient load. Regardless of cause, in order to approach these levels of surge demands, multi-disciplinary, multi-entity, regional, collaborative planning must be undertaken as no single component can provide the necessary resources.
 The authors of the AHRQ document, Regionalization of Bioterrorism Preparedness and Response, conclude that “regionalization is likely to benefit elements of a bioterrorism response including the provision of surge capacity in essential response services such as triage, the provision of medical care, distribution and dispensing of prophylactic therapies, outbreak investigation, security management, and emergency management. …Coordination of these organizations may benefit from implementation of information management strategies and pre-event agreements that specify response roles, remuneration, and chain of command.”  

Overall coordination of planning and response is critical for implementation. Incident management systems and incident command systems must be integrated along with communications systems and protocols.

Multiple models have been postulated for the systematic graded response necessary to provide a capacity to care for an overwhelming influx of patients.
,
 Additionally, the type of incident may require a shift in necessary assets and availability of these assets.  For example the immediate response required in a catastrophic explosion will require a different strategy than the sustained nature of a wide-scale communicable disease event.  Few of these models allow for health care staff among the ill or injured.  In the Toronto SARS experience, the attack rates among nurses who worked in the emergency department, intensive care unit and coronary care unit ranged from 10.3% to 60.0%
 In addition, failure to report for duty in non-ill providers may further affect response.  During the 1999 earthquakes in Turkey, many of the hospital staff opted to care for their close families instead of reporting to work at the hospital
 The subsequent miscalculation of available resources may be especially troublesome if the health care work force is particularly vulnerable physically or psychologically as in the SARS outbreaks of 2003 and early outbreaks of Ebola Hemorrhagic Fever. Likewise few of these models anticipate the loss or compromise of the physical plant or access to a facility if it is located in close proximity to the event. 


There are a number of dynamics that must be considered in order to prepare overall for a surge of acutely ill or injured patients. On a daily basis, the health care system provides the necessary triage, treatment and health maintenance at a level that is determined as “normal operations”. A balance is struck of supply and demand. 

During the day, week, month or season a peak in the numbers of patients is observed and local, facility specific provisions adapt to this increased demand by implementing “emergency operations”. This may result in longer office hours, Emergency Department diversion, longer wait time for ambulances, early discharge protocols, etc. A 2001 American Hospital Association survey showed that one in eight hospitals reported ER diversion 20% of the time or more. About 20% of the hospitals' capacity can be freed up by discharging existing patients, canceling elective surgery, and calling in off-duty staff. This response is usually 1) area limited, 2) time limited, 3) difficult but manageable and occasionally, 4) “routine”. Repeated or prolonged stress at this level results in either a short term (weeks) decay or, hopefully, long term solutions such as increased staff, re-engineered space, etc. Close examination of these solutions provide important insight into potential solutions to a larger scale, longer term surge capacity solution. The incremental costs of re-engineering space to provide flexible utilization is much more cost effective and allowable under most regulatory systems than fixed building or permanent assignment of space. The process involved in changing operations such as surgery scheduling and staff shift flexibility provides insight into the impact of long-term disaster services.  For example, Rambam Medical Center, Haifa, Israel can increase the number of burn victims it can handle from 15 to 136 by altering staff allocations and re-engineering space 


Larger scale events, longer term events or those requiring specified care will place unique demands on a system regardless of emergency operations preparedness. It should not be assumed that 100 times as many patients require 100 times the amount of response. At some point, which differs from resource to resource, community to community and type of event from type of event, a critical threshold will be met where “emergency operations” no longer suffice. At this point “disaster operations” are implemented. Efforts such as 1)“aggressive diversion” of patients to triage and decontamination facilities, 2) implementation of treat and release/refer protocols, 3) transfer of non-acute admissions to long term care facilities, and 4) institution of wide spread home care plans may be put into operation. (Figure 27-1)

Current Practice


A matrix of planning capacities is offered (Table 27-1). It is recognized that this is only one approach to maneuvering through the very difficult process of assigning resources and anticipating needs. This matrix is pre-populated and is provided as a starting point for planners. It is fully expected that communities may add or delete components reflecting available resources and cultural acceptance of their uses. A discussion of the components will follow.


Arenas of care have been delineated with the assumption that there will be a continuum of care and that patients may not attend every arena. The “pre-hospital” arena is that care delivered between the scene of the incident and definitive care. The care may be provided by traditional first responder entities (law enforcement, Fire/Rescue/EMS, etc), or via portable emergency triage and decontamination centers for large-scale events. It may be assumed that not every patient will be cared for in a pre-hospital arena and may self-refer directly to “traditional facilities”. 

“Traditional Facilities” refers to those locations where acute and general care is routinely delivered. It is meant to include emergency facilities, hospital and non-hospital based, private health care provider offices, small and large group practices, and Community Health Centers, both private and those operated by Public Health entities.


During a health emergency, care may be shifted away from traditional facilities. It is frequently assumed, and frequently focused on, that an expanded capacity within traditional facilities will provide the answer to surge demands. It is postulated here that if that were the case then surge capacity would not be an issue at all other than building and supplying more traditional facilities. This however is antithetical to current market and overall health policy forces and is the very reason surge capacity becomes problematic. Therefore, in order to supply services during the increased stress of a health emergency, the system will need to look elsewhere, the “Non-traditional Facilities” for resources in addition to the traditional services. For a biological event, this may include establishing treatment and triage centers not in hospitals but in other locations such as long-term care facilities, hotels, schools, perhaps using the SBCCOM Modular Emergency Medical System model
,
 etc. For a chemical event, this may be establishing locations for decontamination, triage, and treatment not located in Emergency Departments for example to an Off-site Triage, Treatment and Transportation Center (OST3C)
.


Finally, there can be many patients who are either not treated in an acute care facility of any kind but are referred home and are treated and or followed at home. This “Non-facility” domiciliary environment should not imply non-care. Instead this may require quite complex care and complex case management and will engage medical and non-medical community and family resources.

Facilities

Pre-hospital Arena
In those areas where private sector ambulances are not typically utilized for emergency transport, prior Memoranda of Understanding (MOU’s) may be necessary to assure availability, credentialing of personnel, emergency reimbursement, dispatch protocols, medical direction, etc. Additional resources from the transportation sector may be engaged, optimally with prior planning. Buses, taxis, and vans, both public and private service, can be utilized to transport large numbers of patients. Public sector transportation vehicles are typically rapidly and easily accessible to government authorities. Many government authorities contract with private conveyance systems for more routine transport needs. There may be opportunity to expand those contractual services to include emergency availability for transport not only of patients but, potentially, personnel.  Finally use of mass transportation vehicles may offer shelter for victims during the initial phases of the disaster. 

Traditional Facilities Arena 
Much has been done in the United States in prevention of damage to critical structures from natural hazards such as earthquakes and floods. Seismic design provides stability of hospitals and allows for maintenance of care in high risk areas. 

Traditional facilities typically provide surge capacity for beds by re-allocating designated beds to the event. For example, post-anesthesia areas which have cardiac monitoring capabilities may be turned into intensive care units. Hospital based same day surgical suites may be utilized to attend to acute injuries because of the co-location with minor surgical supplies. Rooms with additional oxygen outlets that are used on a daily basis as a single bed room can be used to cohort contagious patients.

As demand increases, patients requiring isolation who are dispersed throughout the hospital can be collected on specialized multi-room units. Specialized needs for high level respiratory and isolation units may be “created” by relatively low-cost engineering with the installation of ventilation deflectors creating negative air flow to those rooms individually or to a unit. In an incident, air flow and air exchanges can be adapted to provide flexible utilization of non-specialty bed capacity. The authors of Regionalization of Bioterrorism Preparedness and Response, through retrospective analysis, determined that “pre-event hospital designation contributes to lower costs and improved patient outcomes. The evidence from trauma care regionalization suggests that a key component of high quality, cost-effective care is limiting high-cost specialty care to specifically designated hospitals with increased experience in treating severely injured patients. A bioterrorism response system may benefit from the pre-event designation of hospitals.” However in the SARS events in Toronto, the system found that the transfer of patients to designated facilities may have contributed to further spread of the disease, especially at a time early in the outbreak when control measures were still being clarified and made universal
,
   Eniv et al
., in a study of terrorist related MCI blast incidents, found that most urgent and non-urgent victims are taken to the nearest hospital even if not a designated trauma center.  They suggest a paradigm shift in trauma care where all hospitals should have some minimal level of capabilty for trauma care.  In fact the most recent model in Israel designates the nearest hospital as the evacuation hospital to which all trauma victims are taken.  Only the most seriously wounded get surgical intervention while other less critical victims are sent to surrounding facilities after stabilization of life threatening injuries, thereby making the facility serve as a triage center. In an event, referral and transfer to tertiary care facilities for advanced specialty care may be necessary and desired, however, in the Disaster Operation phase, these specialized services may no longer be available, either because the services have been diverted to general care or the specialty services are overwhelmed. Additionally, until or even after aggressive diversion of patients to triage centers is well established, patients may still self-refer to the hospitals of their choosing for a number of reasons including proximity, insurance coverage, and personal preference. It may be unpredictable as to which facilities will become a focus for care and likely that many, if not all, hospitals will become primary institutions. For this reason, every facility must be prepared to care for patients.

In addition to hospitals, other traditional facilities will be utilized again by self- referral or through a planned, graded diversion triage plan. Minor illness and injuries can be triaged to urgent care centers, public health centers and community health centers. Pre-event inventory of the capacity for minimal necessary laboratory and radiological evaluation should be taken into consideration during the planning stages to optimize triage protocols. 

Non-traditional facilities Arena
The Off-site Triage, Treatment and Transportation Center (OST3C) model utilizes a rapidly deployable center that would accept patients, either self-referred or transported by ambulance from an explosion or chemical event.  In fact is has been suggested that early deployment of local medical centers can alleviate the burden from local hospitals
 Decontamination facilities may need to be established rapidly to prevent further contamination of the Center. Patient care flow in the Center directs patients first to a triage process and then to either transportation section waiting transfer to a hospital or to a treatment area for definitive care. The duration of care is anticipated to be relatively brief (24 hours or shorter) and may consist simply of observation for further symptoms. Because of the need for rapid deployment and implementation, the OST3C facility must be well planned and well rehearsed. This frequently limits its utilization, however, anticipating the potential for large scale events such as mass gatherings could allow for pre-deployment of such a facility. Physical requirements include access to controlled vehicular traffic for ambulance use, male and female lockers and shower facilities or an external water supply for outside decontamination, heating and air conditioning, electricity with generator back-up, etc. Potential buildings to be used for an OST3C are gymnasiums, fitness centers, hotels conference centers and any building with large space capacity. 

The Acute Care Center (ACC) component of the Modular Emergency Medical System (MEMS) provides a care center approach. As described in The Concept of Operations (ConOps) for the ACC, the ACC is designed as an organized, equipped and staffed facility specifically to provide services to those affected by a biological or communicable disease event. It is designed to treat patients who require acute care but not mechanical ventilation for duration of days to weeks. Those that require intensive life supportive care would be admitted to the traditional hospitals. As described in the ConOps, the  ACC would be near a traditional hospital but transparent to the public who should self-refer or be referred to the Emergency Department for initial evaluation and subsequent triage. However, the ACC could be integrated into a diversion protocols to alleviate the Emergency Departments form this triage function and optimize its utility. The ACC module is a 250-bed pod system (5 x 50 bed nursing units) expandable to a maximum of 1000 patients, requiring 40,000-48,000 sq feet. Ideal buildings include armories, schools, hotel conference rooms, community centers, etc. These buildings offer adaptable space, heating and air conditioning, kitchen facilities, adequate plumbing facilities and power and water supply. They may also supply necessary internet access.

Long-term care facilities (nursing homes, assisted living facilities and rehabilitation centers) may be available either for acute care patients or for receiving patients discharged early from acute care facilities to make beds available for the disaster victims.

Special Medical Needs Shelters focusing on attending to people requiring specialized services may allow the health care community not only to provide acute services to this population but may be also allow for continuing care and domiciliary care for sub-acute and longer terms of treatment. The need for this type of shelter and the specific resources necessary must be planned for after an assessment of the community optimally prior to the event.
Domiciliary Care Arena
Those patients either discharged from hospital, treated and released home from triage centers or those being observed at home for symptoms will require specific facility resources. Adequate home care accessories (wheelchairs, crutches, bandages) may need to be made available. If being monitored by Public Health authorities either for epidemiologic information or for symptoms, patients will require adequate access to telephone monitoring or access to providers visiting at home. As required, the homes must be able to provide heat or air conditioning, power, water, a food supply, and the basic needs. If homes are not available, alternative domiciliary care can be provided at locations such as hotels, college dormitories, etc. 

There are additional considerations for all of the above cited facilities. Care should be taken not to identify those facilities assumed by other response agencies (American Red Cross, National Guard Armories, etc) In addition portable structures, either hard shell or tent type can be utilized and provide cost-effective, non-construction portable solutions. The length of use may be affected by the choice of shell, weather elements and actual use. MOU’s with facilities, especially if not publicly held, should be instituted to allow for availability and post-event reimbursement and recovery. Alternatively, adequate legal authority of local or state officials to commandeer facilities must be established and utilized.

PERSONNEL


During the evolution of the event through to disaster operations, roles of personnel may change and practice paradigms may shift. Table 27-2 illustrates this shift in roles.

Pre-hospital Arena

For incident scene triage, treatment and transport, traditional Fire/Rescue/EMS and other first responder agencies will provide the necessary care. These resources can be supplemented with community teams such as the Community Emergency Response Teams (CERT). The Community Emergency Response Team (CERT) program is an all-risk, all-hazard training where citizens may initially be on their own and their actions can make a difference. CERT was developed by the Los Angeles Fire Department to engage citizen volunteer efforts to augment their response capacity before and while they were responding. In 1993, the Federal Emergency Management Agency (FEMA) made the concept and program available to communities nationwide. The Emergency Management Institute (EMI), in cooperation with the LAFD, expanded the CERT materials to make them applicable to all hazards. In January 2002, CERT became part of the Citizen Corps, a unifying structure to link a variety of related volunteer activities to expand a community's resources for crime prevention and emergency response. As of January 2004, 50 states, three territories and six foreign countries are using the CERT training.

 
Because of the magnitude of a catastrophic event such as an explosion, adaptations will be made as mass casualty incident (MCI) operations will be instituted. Triage will be abbreviated using such systems as the Sacco Triage Method or START (Simple Triage and Rapid Treatment Plan) method both developed for use by rescuers with basic first aid skills to triage patients in 30-40 seconds or less. The Sacco Triage Method attempts not only to assign a level of acuity to a patient but also provides for assignment of the patient to the resources available. Treatment will be limited and patients will be transported per multi-casualty incident (MCI) protocols.


Central collection points such as portable triage shelters or the OST3C, can be staffed with personnel other than traditional first responders. Care at these intermediary centers is not expected to be a substitute for traditional Emergency Department and staff should be able to provide, at minimum, Basic Life Support functions. Individual jurisdictions may decide to staff these centers with personnel that can provide a higher level of care, for example if screening and dispensing of prophylactic antibiotics or vaccinations is to occur. Several models are offered for establishing a triage and dispensing site, optimizing personnel resources and numbers of persons vaccinated or dispensed to.
, 
,  The Bioterrorism and Epidemic Outbreak Response Model (BERM) 
provides a computer model for determining the numbers and types of personnel necessary for such a clinic site and can be utilized for planners to provide adequate resources. Most dispensing site plans are based on the medical model and therefore, provide for some degree of triage for ill patients. It is anticipated that the pool from which these providers will be drawn will be Public Health and community volunteers as hospital staff will be occupied in their respective facilities.


Additional resources available for “pre-hospital” arena care include volunteer corps, Disaster Medical Assistance Teams (DMAT), and the Metropolitan Medical Response Systems (MMRS). These resources allow for reliance on personnel responding directly to the emergency from staff required to report for duty at traditional facilities. 

A Federal Disaster Medical Assistance Team (DMAT), a part of the National Disaster Medical System (NDMS) is a group of medical and support personnel designed to provide emergency medical care during a disaster or other unusual event usually to a location remote form the origin of the team.. DMATs deploy to disaster sites with adequate supplies and equipment to support themselves for a period of 72 hours while providing medical care at a fixed or temporary medical site. They may provide primary health care and/or augment overloaded local health care staff. DMATs are designed to be a rapid-response element to supplement local medical care until other Federal or contract resources can be mobilized, or the situation resolved. Each DMAT deployable unit consists of approximately 35 individuals; however, teams may consist of more than three times this number to provide some redundancy for each job role. This insures that an adequate number of personnel are available at the time of deployment. The team is composed of medical professionals and support staff organized, trained, and prepared to activate as a unit. Some states and regions are developing intrastate DMATs or Medical Reserve Corps. While they provide local personnel surge capacity, unfortunately, these teams frequently draw on the same pool of professionals already expected to respond during the disaster limiting their ability to provide surge during a large scale event.


The Metropolitan Medical Response System directed by US Department of Homeland Security and the Federal Emergency Management Agency, directly supports enhancement of existing local first responder, medical, public health and emergency management by increasing systematic, integrated capabilities to manage a WMD mass casualty incident until significant external resources arrive and are operational (typically 48-72 hours). The program provides training, supplies, medical caches and coordination within a metropolitan jurisdiction. It does not supply additional personnel but provides an organizational structure for response in a region. 125 MMRS are established in the US. 

Traditional facilities Arena

Care of the patients at traditional facilities may require additional resources or re-apportioning staff to different staffing patterns, etc. Relative to the number of surge capacity within the hospital, planners could calculate the number of necessary additional staff as follows:


Using the examples shown earlier, the results are as follows:

	
	Population
	Surge beds
	Health Care Personnel (1:4)
	Health Care Personnel (1:6)
	Health Care Personnel (1:10)

	State A
	5,595,211
	2,798
	2,938
	1,958
	1175

	Region A
	2,571,695
	1286
	1350
	900
	540

	City A
	628,670
	314
	329
	220
	131


An additional staff resource to hospitals is a pre-established system of volunteer. Health care provider volunteers who are not full time employees, who are retired or who are no longer in clinical practice but maintain a license may be available for emergency staffing.  Volunteer management programs must provide for the recruitment, confirmation of credentials, emergency notification / deployment and training/orientation of these valuable individuals. Individual healthcare entities must decide whether to accord any particular healthcare worker privileges to work in facilities for which it has responsibility.  Approaches include accepting the credentials maintained by other accredited health care facilities during an emergency into facility Emergency Operation Plans, relying on government programs which develop volunteer medical corps and/or establishing mutual aid agreements. The Emergency Systems for Advance Registration of Volunteer Health Care Personnel (ESAR-VHP) are an additional step to provide for coordinated emergency increases in staffing of physicians, nurses, pharmacists, behavioral health professionals, emergency medical technicians and other appropriate health care professionals. The ESAR-VHP system develops a regionally accepted, standardized advanced registration system for health care professionals through collaboration of hospitals, licensing boards, professional organizations, etc.

Non-traditional facilities Arena
Once the provision of care is shifted or augmented to a non-traditional facility, the targeted cadre of reserves of health care providers likewise shifts away from those in traditional hospitals. Out of hospital primary providers, public health providers, volunteer corps, DMAT and other federal assets will be relied on to deliver care in these locations. In addition, non-governmental agencies such as the American Red Cross Disaster Relief Services, Salvation Army, etc may be delivering such care. A pre-event inventory of agencies and providers must be conducted in order to provide a responsible plan without “double counting” assets. For example, the use of National Guard medical personnel may be a pivotal piece of a community’s plan. However, many of these personnel are also providers at local hospitals or may become an essential federal asset and may not be accessible to local response.


It is recommended in the  ACC model , minimal staffing per 12-hour shift for a 50-bed nursing subunit  includes the following:

(1) Physician

(1) Physician’s assistant (PA) or nurse practitioner (NP) (physician extenders)

(6) RNs or a mix of RNs and licensed practical nurses (LPN)

(4) Nursing assistants/nursing support technicians

(2) Medical clerks (unit secretaries)

(1) Respiratory therapist (RT)

(1) Case manager

(1) Social worker

(1) Housekeeper

(1) Patient transporter

The minimal number of staff providing direct patient care on the 50-bed nursing subunit per 12-hour shift is 12, which includes the physician, the physician extenders, nurses, and nursing assistants.  


While the absolute numbers of providers necessary changes as the event progresses from “emergency operations” to “disaster operations” so, too, do the roles change. As illustrated in Figure 3, as “disaster operations” and aggressive diversion are implemented, community providers may be tasked with providing care to the less critically ill and injured patients, whereas the hospital providers will be responsible for the more critically ill and injured patients. 
Domiciliary Care Arena

Domiciliary care will, of necessity, require case management. This case management may be provided by several resources at various stages of the event and of the patient’s course. If hospitalized, the case management through hospitalization and through to discharge may be assumed by the facility. However, if the person is never hospitalized, or is discharged from a facility, public health, community practitioners, etc. may be responsible for assuming this role. A pre-event inventory of resources for domiciliary care will reveal what currently exists in a community, what the needs may be and gaps that will need to be addressed or will occur during a disaster. 


Public health authorities will be engaged in the epidemiologic investigation including case investigation and case contact. They are likely also to be responsible for the initiation, monitoring for symptoms and maintenance of quarantine in communicable disease outbreaks. In addition, public health agencies typically provide telephone Hotlines for information to providers and the general public. In Toronto, 225 residents met the case definition of SARS. Toronto Public Health investigated 2132 potential cases of SARS, identified 23,103 contacts of SARS patients as requiring quarantine, and logged 316,615 calls on its SARS hotline.
 Temporary suspension of non-essential services may result in additional public health personnel however; a long term event will require regular re-evaluation of the need to re-initiate these services.


Providers of domiciliary care may come from professional and non-professional resources. Home health agencies and non-governmental agencies such as the American Red Cross may be available and have capacities to provide professional level services. Basic services such as oral hydration, dressing care and activities of daily living may be provided by community based formal and informal networks. Families, churches and community organizations can be engaged to deliver such services and may be willing to do so provided they are given the resources to do so, provided with minimal but meaningful education to do so and provided with appropriate protection to do so. Pre-event outreach can organize these groups and allow for adequate support.

MEDICATION AND SUPPLIES


Materials and supplies are frequently overlooked as a vulnerability except for the immediate medical and response supplies. A disaster may quickly exhaust available supplies, including medications. Unfortunately, the purchase and storage of this equipment can be costly and difficult to justify in the current economic environment and as health care facilities continue to shift to “just in time” inventories. Graded increases in par levels of supplies, regionally leveraged purchases and rotation into stock can ease the financial burden of preparedness. Federal response systems anticipate this need and purchase and strategic forward deployment has been underway at that level. However, depending on the nature of the incident, it is prudent to assume that facilities and agencies should plan on being self-sufficient for the first 48-72 hours of the event. This places an additional burden on planning for an event such as an explosion or chemical event which will require adequate resources within the first hours or less. In these case, outside resources should be utilized to provide subsequent care and to back fill utilized supplies.


If warehoused at central locations numerous factors will need to be taken into consideration including apportionment decisions, speed and mechanism of delivery and  access to delivery location. Limited material supplies may not meet demands and an apportionment policy should be decided on prior to events to allow for dialogue, education and evidence based decisions by officials. The speed and mechanism of delivery may vary dependent on the incident. Natural disasters may impede surface transportation of surge supplies. During the September 11, 2001 events at the Pentagon, emergency response vehicles, police closing of roads and the ordered evacuation of federal facilities created transportation gridlock limiting the capability of delivering anticipated supplies to some hospitals in the District of Columbia
.


Adequate Personal Protective Equipment (PPE) for the anticipated surge capacity staff will be necessary to maintain a healthy staff. Dependent on the nature of the event, the type of PPE used will likely be the most protective until the causative agent is defined. Standards for such PPE are well-defined by the Occupation and Safety Health Administration. In disasters with non-contaminated physical hazards such as an earthquake with building collapse, protective equipment should consist of extremity, head, ear and eye protection. In the pre-hospital arena, for suspected chemical, contaminated explosive or unknown contamination scenes, personnel functioning within a “hot zone” are likely to be in Level A protection. After the removal of victims and subsequent decontamination, graded “step-down” in protection can be made until a level appropriate for definitive protection is attained. For example, initial evaluation of patients with an unknown communicable disease may first be approached with the provider in full HEPA respiratory and splash precautions. Once the infectious agent is identified and other potential preventative steps are taken (e.g.., vaccination), PPE can be shifted to the appropriate mask and universal precautions. Amounts of PPE required to sustain a response is dependent on the durability and lifespan of the equipment (single use vs. multi-use), inter-user transfer of equipment (sharing), and the anticipated number of changes per provider. Durable HazMat gear may have longevity of several days into an event, may be able to pass from one worker to another and is not necessarily disposable after each use. N95 respirators used for smallpox respiratory protection may be usable by a single user over a 12 hour shift but would not be shared and would be disposed of after the shift. Estimation of PPE requirements can be made by the following formula:


Medical supplies such as antibiotics, chemical antidotes, bandages and splints, etc. can be maintained at traditional facilities and/or cached at central locations. Anticipating the numbers of needed supplies
 will be dependent on the anticipated surge needs and will likely be proportionate to those needs. Adjustments will need to be made with materials managers assistance to accommodate durable and non-durable goods differences. Additional resources include pre-positioned caches in traditional first responder agencies (police, Fire/Rescue/EMS) and in agencies such as Emergency Management Agencies and Public Health Agencies. As described, deployable assets such as the Strategic National Stockpile and Chem Pack Program, DMAT’s, and MMRS have caches of medical materials not only to sustain the function of the teams but for treatment of casualties and patients. There are numerous community resources that should be inventoried and may be available for use. Pharmaceutical vendors, veterinary pharmacies and practices, dentists and dental supply warehouses, etc may have supplies that are usable and available. Planning for use should include emergency procurement plans, apportionment policies; MOU’s with these entities to expedite post-event recovery, etc.

Delivery of essential supplies such as power, food and water must be considered for those people who, because of their injuries or illnesses, can not access these services on their own. Traditional formal disaster relief services such as the American Red Cross, and Salvation Army  and non-formal services such as community groups and church based groups should be integrated so that patients in domiciliary care are identified to them and they are part of the individual’s case management plan. 

LEGAL AND POLICY ISSUES

Policy development and decisions, to the extent possible, are best made or planned for in the pre-event stages when level heads prevail, there is the ability to adequately review current literature and science and dialogue, debate and education can be accomplished. 

Triage, treatment and transfer protocols, mutual aid agreements and credentialing programs will require the input and review by legal counsel. Additional statutory and regulatory changes made need to be sought to provide the bases for emergency powers of officials, medico-legal protection as practice paradigms shift, compensation and liability for surge personnel. 

Even with effective planning and utilization of resources, an overwhelming event may outstrip resources and result in the re-evaluation and acceptance of a degradation of the standards of care. Serious discussions of this potential must be conducted prior to the event not only with policy makers and legal experts but with the general public.

CONCLUSION
Overall the goal of surge capacity planning is to provide a series of pre-positioned processes to ensure the delivery of appropriate care with appropriate resources in a graded, phased response. With adequate assessment of the population’s needs, of community resources and developing plans for matching these needs with resources and augmenting as necessary, the potentially overwhelming response can be planned for and provided for. Planning may not necessarily include large capital expenditures but will provide stimulus for creative collaborative processes. The integration of disciplines and practices is essential as no single health care component can shoulder this alone. 
References

# of personnel/ day x # exchanges/ day/ person = # anticipated PPE sets





168 hours per week/40 per week work load = 4.2 FTEs, each staff position requires 4.2 FTEs for 24/7 operations





	If a 1:4 staff to patient ratio is maintained then: (# surge beds/4) = # staff positions


	(# staff positions) x (4.2 FTEs) = #  additional; healthcare providers necessary per week








	If a 1:6 staff to patient ratio is maintained then: (#surge beds/6) = # staff positions


	(# staff positions) x (4.2 FTEs) = # additional  healthcare providers necessary per week.


	


	If a 1:10 staff to patient ratio is maintained then: (#surge beds/10) = # staff positions


	(# staff positions) x 4.2 FTE’s = #  additional healthcare providers necessary per week.
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